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trend as the relative binding affinities of the nucleotides to the FtsZ protein.
[1] Hritz, J., La¨ppchen, T., Oostenbrink, C. (2010) Eur. Biophys. J. (Epub ahead
of print)
[2] Hritz, J., Oostenbrink, C. (2009) J. Phys. Chem. B, 113, 12711-12720.
[3] Hritz, J., Oostenbrink, C. (2008) J. Chem. Phys., 128, 144121.
870-Pos Board B670
A new Boundary Element Formulation for Macromolecular Electrostatics
Randy Zauhar, LiFeng Tian.
We have implemented a new generation of the SMART molecular surface pro-
gram, which features an improved approach for eliminating self-intersecting
surface. The surface generator can produce a conventional polyhedral (flat tri-
angle) approximation of the surface, or an accurate interpolation using cubic
polynomials. This is coupled with a a new boundary element formulation for
computing the molecular electrostatic potential under the continuum approxi-
mation. In contrast to our previous implementation, which required solution
of a sparse system of simultaneous equations, the new approach minimizes
an error functional, and is better-suited to current computing technologies
(such as GPU-based calculation). Examples will be presented for model sys-
tems and protein-ligand complexes.
871-Pos Board B671
Vibrational Modes and Absorption Spectra of Large Biomolecules
in the Harmonic Approximation
Saravana P. Thirumuruganandham, Adam J. Mott, Michael F. Thorpe,
Peter Rez.
The analysis of low frequency vibrational modes can give insight into biolog-
ically significant motions in proteins and larger biomolecules such as protein
complexes or viral capsids. In principle these can be calculated by finding
the eigenvalues and eigenvectors of the all atom Hessian matrix, the second de-
rivative of the potential energy with respect to atomic displacement. Due to the
size of the all atom Hessian matrix, diagonalization becomes impractical for
systems with 105-106 atoms. Various coarse graining schemes with a simplified
description of the Hessian have been used, though there is a delicate balance
between excessive coarse graining and increasing computational efficiency.
An alternative approach is to calculate vibrational densities of states and related
electromagnetic absorption spectra from the Fourier transform of time correla-
tion functions derived from Molecular Dynamics Trajectories. Since the forces
are recalculated frequently, inmany schemes at the end of every elementary time
step, these simulations can be very time consuming especially if very low
frequency modes are of interest. Rather than use molecular dynamics we solve
the equations of motion for all the atoms in the harmonic approximation, a tech-
nique that has been used with great success in calculating the dynamical proper-
ties of amorphous semiconductors. The algorithm is fast and efficient since the
same Hessian is used at all time steps. To demonstrate the validity of the
approach we present calculated THz and infra red spectra for a number of small
molecules in addition to proteins such as lysozyme and BPTI. The effects of
anharmonic interactions are investigated by comparing our results with spectra
calculated from molecular dynamics trajectories at different temperatures.
Finally we show applications to large systems with up to a million atoms.
872-Pos Board B672
In Silico Modeling of Changes to Ventricular Myocyte Action Potential
Morphology Caused by Pharmacological Agents
Kathleen R. McGovern, Amrita X. Sarkar, Eric A. Sobie.
Changes in electrocardiogram morphology associated with ventricular arrhyth-
mias are one of the largest causes of the removal or restriction of marketed
pharmacological agents and can be difficult to predict during drug develop-
ment. Since changes to ECG morphology are the consequence of cellular-level
alterations in the action potential, fresh insights can be gained by using compu-
tational models of cardiac action potentials and simulating drug-induced side
effects. Although most pro-arrhythmic drugs block the rapid delayed rectifier
current encoded by the gene commonly referred to as HERG, many drugs
are non selective. With this in mind we analyzed mathematical models of ven-
tricular action potentials to develop methods to predict non-specific, potentially
pro-arrhythmic effects of new pharmacological agents. Through simulations,
we generated predictions of changes in action potential duration (APD) caused
by different concentrations of hypothetical drugs that specifically blocked with
a defined affinity individual ion transport pathways (channels, pumps, or trans-
porters). These relationships were empirically fit to the Hill equation. We then
generated predictions of changes in APD caused by hypothetical drugs that
blocked multiple pathways with different affinities. Based on linear transforma-
tions of the Hill equation fits and minimum least squares, our "reverse engineer-
ing" algorithm predicted the pathways that were most likely to be affected by
a particular drug based on the APD versus [drug] relationship. Simulationswere performed with the ten Tusscher model of the human ventricular myocyte
in which hypothetical drugs blocked the rapid delayed rectifier current along
with one of six other currents. When the results were fed to the algorithm in
a blinded fashion, the program successfully identified the drug targets. The re-
sults show promise for the development of methods to determine potential
channel candidates when the cause of APD disturbance is unknown.
873-Pos Board B673
Exploring RNA Drug Binding Using Consistent Charge Models
Joseph D. Yesselman, Hashim M. Al-Hashimi, Charles L. Brooks III.
RNA has emerged as a prospective drug target for a wide range of diseases.
However, existing drug discovery tools optimized for protein targets have
been largely unsuccessful in producing novel small molecules that target
RNA due to RNAs distinct chemical and structural characteristics. Prevalent
screening methods assay catalytic activity and are therefore unsuitable for
RNA, as few RNAs are catalytically active. Furthermore, RNA has flexible
binding sites, precluding the causal relationship between strong binding and in-
hibition of activity. Computational methods, including molecular docking, can
overcome some of these limitations; however, RNA can adopt radically differ-
ent conformations upon binding small molecules which can be difficult to
model computationally. An additional challenge is that current force fields re-
main underdeveloped in modeling polyanionic nucleic acids with complex
electrostatic interactions. Accurately capturing these interactions is crucial to
determining precise free energy calculations of binding. We have developed
a force field extension model that allows the same charges and force field pa-
rameters to be used for both the receptor and ligand, significantly improving the
accuracy of capturing interactions between receptor RNAs and potential drug-
like small molecules. Here we present details on our force field extension
model, predicting the hydration free energy of 503 organic molecules using
free energy perturbation demonstrating that our model reproduces experimen-
tally confirmed results. Furthermore, we present docking results of predicted
binding affinities and ligand-bound poses for a set of 60 known RNA-ligand
complexes from the Protein Databank and compare results with other docking
programs. Finally, we predict the binding affinities of 65 small molecules to the
HIV-1 TAR RNA and compare results with a high throughput screen.
874-Pos Board B674
Modeling the Liposomal Rubidium Uptake Assay
Wayland W. Cheng, Ninder Panesar, Decha Enkvetchakul.
The liposomal radiotracer uptake assay is a useful technique in the study of the
ensemble behavior of ion channels. For the study of potassium channels,
purified channel protein is reconstituted into liposomes, in which an intra- to
extra- liposomal K gradient is created. Uptake of radioactive 86Rb, added to
the extra-liposomal solution, is concentrated into liposomes that have K selec-
tive channels, and is measured as a surrogate of channel activity. The assay
allows one to define experimental conditions that are often difficult to control
in other techniques used to study ion channels, such as membrane composition.
The results of the assay are often interpreted qualitatively, but there are features
of these results that remain poorly understood and a quantitative analysis is
needed to make interpretations with greater confidence.We present here a quan-
titative analysis of this assay along with computational modeling. We examine
the accumulation of 86Rbþ into liposomes mediated by valinomycin and sev-
eral purified Kþ channels, and have developed a kinetic computational model
based on the Goldman-Hodgkin-Katz flux equation assumptions. The model
accurately reproduces uptake as a function of several experimental variables,
including liposome number, radiotracer concentration, channel activity, and
ionic concentration.
875-Pos Board B675
Singular Value Decomposition Technique for Model-Independent
Analysis of Two-Component Datasets
Eric C. Landahl, Sarah E. Rice.
Singular value decomposition (SVD) algorithms are typically used to compress
data or to solve for model-dependent parameters determined by a large dataset.
SVD uses a small number of basis functions and a matrix giving the population
of each basis function, whose sum best reproduces the data. One issue with
SVD is that basis functions returned by these algorithms are not necessarily
physically realistic, hence, SVD is mainly used for applications in which a ran-
domly chosen basis will suffice. Here, we demonstrate that using a small num-
ber of realistic constraints, SVD can determine the basis functions that best
represent large, two-component datasets in a model-independent way. The pro-
cess is essentially to use an initial guess for a population model to obtain a basis,
then apply known constraints to that basis and iteratively change the population
model to meet those constraints. This new application is useful for deconvolv-
ing two-component spectroscopy data, in which the ‘‘correct’’ basis functions
can be interpreted in terms of real physical states of the sample. We apply the
160a Sunday, March 6, 2011algorithm to three types of protein spectroscopy data: small-angle X-ray scat-
tering, fluorescence, and electron paramagnetic resonance. In each case, the
SVD algorithm returns two physically realistic basis states as well as the rela-
tive amounts of protein in the sample in each state.
Atomic Force Microscopy
876-Pos Board B676
Universal Non-Equilibrium Elastic Behavior of Macromolecules
Christian Kappel, Nicole Do¨lker, Mareike Zink, Ulrich Zachariae,
Helmut Grubmu¨ller.
Single molecule experiments such as atomic force microscopy, optical twee-
zers or force probe molecular dynamics have been used extensively to deter-
mine mechanical properties of biological macromolecules. In most cases,
yielding or unbinding forces were found to depend on the loading rate accord-
ing to Bell’s model. The one-dimensional model predicts a logarithmic depen-
dence of yielding forces on the loading rate, but velocity-independent elastic
constants. Also more recent, refined one-dimensional treatments share this
property. However, in recent molecular dynamics simulations of the nuclear
transport receptor importin-beta and the outer shell of the southern bean mosaic
virus, strongly velocity dependent elastic constants were seen, with yielding
forces following Bell’s model.
To resolve this discrepancy, we here present a two-dimensional relaxation
model and show that it can explain all elastic properties seen in the atomistic
simulations. In our model, relaxation modes perpendicular to the reaction co-
ordinate are allowed to fluctuate and relax independently of the reaction coor-
dinate. Contrary to Bell’s model, a stiffening of macromolecules at high probe
velocities can be explained, and the corresponding forces are correctly pre-
dicted. Combined with simple rate theory, our model also predicts the observed
logarithmic dependence of yielding forces on the probe velocity.
877-Pos Board B677
Probing the Interactive Forces Between Bacterial Biofilm Cells and Sur-
faces with Atomic Force Microscopy
Anne E. Murdaugh, Kathy Aidala, Megan A. Ferguson, Eileen M. Spain,
Megan E. Nu´n˜ez.
Biofilms are complex aggregations of microbes formed at interfaces. An under-
standing of the initial formation, subsequent accumulation, and eventual erad-
ication of bacterial biofilms is becoming increasingly important to a wide range
of fields. In this study we use atomic force microscopy (AFM) to determine the
cellular spring constants of intact, living Gram-negative and Gram-positive
bacteria in simple biofilms. We also explore the mechanical characteristics
of the bacterial predator Bdellovibrio bacteriovorus in comparison to that of
its prey, E. coli, and the biophysical changes that take place during predation
and consumption of the prey. In an effort to further understand the intra- and
inter-bacterial interactions critical for biofilm formation and dynamics, we
modify a force probe with live predator and prey cells. Using this ‘‘biotip,’’
we monitor in situ the attractive and adhesion forces between various cells, bio-
films, and surfaces.
878-Pos Board B678
Molecular Mechanism for the Induction of Mesothelioma by Asbestos
Eric S. Taylor, Steven K. Lower, Brooke T. Mossman, Ann G. Wylie.
Mesothelioma is an incurable form of cancer located in the pleural lining
around the lungs. It is associated almost exclusive with the inhalation of min-
eral fibers called asbestos. Despite the well-known association between asbes-
tos and mesothelioma, little is know about the mechanism of induction. The
binding of asbestos to epidermal growth factor receptor (EGFR), a transmem-
brane signal protein, has been proposed as a trigger switch for downstream sig-
naling of kinases and expression of genes associated with cancer. Here we used
atomic force microscopy (AFM) to investigate the binding of the extracellular
domain of EGFR to two minerals, crocidolite versus riebeckite in buffer solu-
tion. Crocidolite [Na2(Fe,Mg)5Si8O22(OH)2] is the asbestiform mineral most
commonly associated with human mesothelioma. Riebeckite is chemically
equivalent to crocidolite but has a non-asbestiform, fragmental habit, and it
is not associated with cancer. AFM measurements revealed an attractive force
between EGFR and each mineral. The rupture force of the mineral-EGFR bond
increased with increasing loading rates. The correlation between rupture force
and loading rate was stronger for crocidolite-EGFR than riebeckite-EGFR. The
Bell model was used to estimate the bond lifetime for both mineral-protein
pairs. The lifetime for the EGFR bond was roughly three times shorter for cro-
cidolite than riebeckite. The fast but repeatable binding of EGFR with crocid-olite fibers, which persist in the lungs for a period longer than a human’s
lifespan, may continually trigger the activation switch leading to chronic ex-
pression of genes involved in asbestos-related cancers.
879-Pos Board B679
Identification of oxLDL Components Affecting Endothelial Stiffness
Tzu Pin Shentu, Dev K. Singh, Papasani Subbaiah, Michael Cho,
Irena Levitan.
Endothelial biomechanical properties have been suggested to play important
roles in multiple endothelial functions. Our earlier studies have shown that en-
dothelial stiffness is significantly increased by oxidized modifications of low-
density lipoproteins (oxLDL). The goal of the current study was to identify
the bioactive oxLDL components that are responsible for this effect. Our obser-
vations show that endothelial stiffness increases with progressive oxidation of
LDL with strongly oxidized LDL having a larger effect than mildly oxidized
LDL. Next, we systematically tested all the lipid fractions and the major bio-
active lipid components of oxLDL for their effects on endothelial stiffness.
We show here that the two fractions that contribute to the increase in endothe-
lial stiffness are oxidized phospholipids (oxPC) and oxysterols. Furthermore,
we show that oxidized 1-palmitoyl-2-arachidonoyl-sn-glycero-3-phosphocho-
line (oxPAPC), a major oxPC component, and 7 ketocholesterol and 7beta-hy-
droxycholesterol, the two major oxysterol components of oxLDL, play the key
roles in endothelial stiffening. In addition, 27 hydroxycholesterol, a minor
component of oxLDL, that is abundant in atherosclerotic lesions also induces
an increase in endothelial stiffness. We also find that oxPAPC- and oxy-
sterol-induced endothelial stiffening is fully reversible by cholesterol supple-
ment suggesting that this effect should be attributed to changes in the lipid
composition of the membrane. Indeed, we also show that significant amounts
of oxidized PC products and oxysterols, specifically, 7-ketocholesterol accu-
mulate in the membranes of endothelial cells exposed to oxLDL.
880-Pos Board B680
Ucp-1 from Pantoea Stewartii Affects Bacterial Ultrastructure
and Flocculation
Tanya E.S. Dahms, John Stavrinides, Cheghaf Madarati.
Aphids are dependent on plants for nutrients and thus their gut microbiome of-
ten includes plant pathogens. Recently rhs (rearrangement hotspot) genes, im-
plicated in insect-pathogen interactions, were discovered in the plant pathogen
P. stewartii (Stavrinides et al. (2010) Environmental Microbiology 12, 147-
155.). In P. stewartii, the rhs gene product, named Ucp-1 (youcannot pass
1), is responsible for conferring flocculating behaviour in the gut of the pea
aphid, Acyrthosiphon pisum, ultimately resulting in its death. Absence of the
gene in P. stewartii, gives rise to a mutant that is non-flocculating and non-le-
thal to the aphid, and transfer of the gene to Escherichia coli transforms it into
a flocculating pathogen of aphids.
Here we use atomic force microscopy (AFM) and force spectroscopy (FS) to
study the flocculating patterns, and cell surface ultrastructure, physical and
chemical properties of wild type and E. coli cloned and over-expressing one
of seven Ucp1-like proteins from the Pantoea genome. The Ucp-1 mutant, ca-
pable of transforming E. coli into a flocculating pathogen, has a distinct aggre-
gation pattern and cell surface ultrastructure.
881-Pos Board B681
Effect of Cholesterol and Lipid Charge on Amyloid Fibril Formation
on Model Lipid Membrane
Elizabeth Drolle, Francis Hane, Erin Faught, Zoya Leonenko.
Amyloid-beta 1-42 is known to form amyloid fibrils which are involved in
Alzheimer’s disease for which no cure is currently available. Normally an al-
pha helical structure, Amyloid-beta 1-42 can misfold into beta sheets forming
neurotoxic oligomers and amyloid fibrils. Although fibril plaque formation is
associated with biological membranes in vivo, the role of membrane heteroge-
neity and effect of cholesterol in the process of amyloid fibril formation and
toxicity are not well understood, and therefore research in this area is of great
interest and necessity. We used atomic force microscopy (AFM) to study Am-
yloid-beta fibril formation on the surface of lipid membrane. On neutral lipids,
DPPC and DOPC the rate of adsorption and aggregation increases steadily as
a function of time, whereas with charged lipids, DOPG and DOTAP adsorp-
tion happens much faster indicating stronger interaction with membrane. The
surface of the lipid membrane becomes more disrupted in the case of posi-
tively charged DOTAP membrane. We also found that cholesterol induces do-
main formation in model membrane, which serve as a template for amyloid
fibril formation.
